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(54) Apparatus for and method of recording information 



(57) An information recording apparatus (1) for 
recording digital information inputted from outside onto 
an information storage medium (2), includes: a multi- 
plexing unit (26) for multiplexing the digital infomnation 
by a plurality of window functions to generate a plurality 
of multiplied digital information, each of the plurality of 
window functions having a fade-out time-axis character- 
istic and having overiaps with neighboring window func- 
tions on time axis; a recording unit (4) for recording the 
plurality of multiplied digital information corresponding 



to the respective window functions; an ending unit (8. 
28) for changing ending multiplexed digital information 
which are the multiplied digital information correspond- 
ing to the window function including a recording end tim- 
ing of the digital Information to zero information, and for 
ending recording the digital information after recording 
the zero information onto the information storage 
medium in place of the ending multiplexed digital infor- 
mation. 
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. Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] This invention relates to an information 
recording apparatus and an Information recording 
method, and more particularly to recording ending con- 
trol and recording restarting control at the time of ending 
and restarting information recording onto an information 
storage medium. 

Description of Related Art: 

[0002] Audio Information such as voices and/or 
music are sometimes recorded on an information stor 
age medium such as an optical disc after they are com- 
pressed. If the recording is temporarily interrupted or 
stopped in response to a temporary recording stop or 
interruption instruction, the input of audio information to 
be recorded is stopped after the reception of the instruc- 
tion. When the recording restart instruction is received, 
the input of the audio information to be recorded is 
restarted to restart the information recording. 
[0003] According to a conventional control method 
of the recording interuption and restart which controls 
input state of the audio information to be recorded, if 
data to be recorded at the time of inten-uption and 
restart have large level difference therebetween and the 
audio information including the Interrupted portion is 
continuously reproduced, a sudden noise may possibly 
occur at the interruption timing. 

[0004] This problem may occur at the time of simply 
stopping the audio infonmation recording and at the time 
of reproducing recorded information which includes 
recording interrupted portion recorded with high record- 
ing level. This problem may also occur at the time of 
simply starting new audio information recording and at 
the time of reproducing recorded information which 
include recording start portion record with high record- 
ing level. 

[0005] In order to overcome this problem, fade-out 
and fade-in processing are introduced. Namely, at the 
time of interruption or ending of recording (hereinafter 
referred to as "recording interruption time"), the audio 
information to be recorded is faded out after the record- 
ing interruption instruction is received. At the time of 
restart or start of recording (hereinafter referred to as 
"recording restart time"), the audio information to be 
recorded is faded in after the recording restart instruc- 
tion is received. Thus, the audio information recording 
level at the recording interruption time and the recording 
restart time are made substantially zero level. Here, 
"fade-our Is processing which gradually decreases the 
recording level of audio information finally down to zero 
level, and "fade-in" is processing which sets the record- 
ing level of audio information to zero at first and then 



gradually increases the recording level up to a normal 
level. 

[0006] However, in the fade-out and fade-in 
processing, it is necessary to gradually decrease the 
5 recording level within a predetermined time period after 
the instruction of recording interruption, and again grad- 
ually increase the level. Therefore, if audio Infonnation 
is recorded after compression, the recording processing 
becomes complicated. 

10 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to pro- 
vide information recording apparatus and method which 

15 achieve fade-in and fade-out with simple processing 
and which enable information recording such that unde- 
sired sudden noise is avoided at the time of reproducing 
recorded information at the portion including the record- 
ing interruption and restart points. 

20 [0008] According to one aspect of the present 
invention, there is provided an information recording 
apparatus for recording digital information Inputted from 
outside onto an information storage medium, including: 
a multiplexing unit for multiplexing the digital infonnation 

25 by a plurality of window functions to generate a plurality 
of multiplied digital infonnation, each of the plurality of 
window functions having a fade-out time-axis character- 
istic and having overlaps with neighboring window func- 
tions on time axis; a recording unit for recording the 

30 plurality of multiplied digital information corresponding 
to the respective window functions; an ending unit for 
changing ending multiplexed digital information which 
are the multiplied digital information corresponding to 
the window function including a recording end timing of 

35 the digital information to zero infonnation, and for end- 
ing recording the digital information after recording the 
zero information onto the information storage medium in 
place of the ending multiplexed digital Information. 
[0009] According to the same aspect of the present 

40 invention, there is provided an information recording 
method for recording digital information inputted from 
outside onto an information storage medium, including 
the steps of: multiplexing the digital information by a plu- 
rality of window functions to generate a plurality of mul- 

45 tiplied digital information, each of the plurality of window 
functions having a fade-out time-axis characteristic and 
having overlaps with neighboring window functions on 
time axis; recording the plurality of multiplied digital 
information corresponding to the respective window 

so functions; changing ending multiplexed digital infonna- 
tion which are the multiplied digital information corre- 
sponding to the window function including a recording 
end timing of the digital information to zero information, 
and ending recording the digital information after 

55 recording the zero information onto the Information stor- 
age medium in place of the ending multiplexed digital 
information. 

[0010] In accordance with the above infonnation 
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recording apparatus and method, the window functions 
which are multiplied by the digital information has the 
time-axis characteristics. When the recording of the dig- 
ital information is ended, the ending multiplexed digital 
information is changed to zero infomiation and the 
recording of the digital information Is ended after the 
zero information is recorded on the information storage 
medium in place of the ending multiplexed digital infor- 
mation. By this, the recording level variation of the dig- 
ital information just before the ending of the recording 
becomes similar to the fade-out characteristic of the 
window function. Therefore, the fade-out is achieved by 
a simple processing at the recording ending time of the 
digital information, and it is possible to avoid noise gen- 
eration at the time of reproduction, due to the sudden 
decrease of the digital infomiation recording level. 
[0011] According to still another aspect of the 
present invention, there is provided an infomnation 
recording apparatus for recording digital infomiation 
inputted from outside onto an information storage 
medium, including: a multiplexing unit for multiplexing 
the digital infomiation by a plurality of window functions 
to generate a plurality of multiplied digital information, 
each of the plurality of window functions having a fade- 
in time-axis characteristic and having overiaps with 
neighboring window functions on time axis; a recording 
unit for recording the plurality of multiplied digital infor- 
mation corresponding to the respective window func- 
tions; a starting unit for changing the multiplied digital 
information corresponding to the window function 
including a recording start timing of the digital informa- 
tion to zero infomnation, and for starting recording the 
digital infomnation to be recorded after the recording 
start timing, after recording the zero information onto 
the information storage medium. 
[0012] According to similar aspect of the invention, 
there is provided an information recording method for 
recording digital Information inputted from outside onto 
an information storage medium, including the steps of: 
multiplexing the digital information by a plurality of win- 
dow functions to generate a plurality of multiplied digital 
information, each of the plurality of window functions 
having a fade-in time-axis characteristic and having 
overiaps with neighboring window functions on time 
axis; recording the plurality of multiplied digital informa- 
tion corresponding to the respective window functions; 
changing the multiplied digital information correspond- 
ing to the window function including a recording start 
timing of the digital information to zero Information, and 
starting recording the digital information to be recorded 
after the recording start timing, after recording the zero 
information onto the information storage medium. 
[0013] In accordance with the above information 
recording apparatus and method, the window functions 
which are multiplied by the digital information has the 
time-axis characteristics. When the recording of the dig- 
ital information is started, the multiplexed digital infor- 
mation corresponding to the window function including 



the recording start timing is changed to zero informa- 
tion, and the recording of the digital information is 
started after the zero information is recorded. By this, 
the recording level variation of the digital information 

5 just after the start of the recording becomes similar to 
the fade-in characteristic of the window function. There- 
fore, the fade -in is achieved by a simple processing at 
the start time of the digital information, and it is possible 
to avoid noise generation at the time of reproduction, 

10 due to the sudden decrease of the digital information 
recording level. 

[0014] According to still another aspect of the 
present invention, there is provided an information 
recording apparatus for recording digital information 

15 inputted from outside onto an information storage 
medium, including: a multiplexing unit for multiplying the 
digital information by a plurality of window functions to 
generate a plurality of multiplied digital infomiation, 
each of the plurality of window functions having a time- 

20 axis ctiaracteristic including a fade-in portion and a 
fade-out portion and having overiaps with neighboring 
window functions on time axis; a recording unit for 
recording the plurality of multiplied digital information 
corresponding to the respective window functions; an 

25 interruption unit for changing interruption multiplexed 
digital information which are the multiplied digital infor- 
mation corresponding to the window function including 
a recording interruption timing of the digital information 
to zero information, and for interrupting recording the 

30 digital information after recording the zero information 
onto the information storage medium in place of the 
inten'uption multiplexed digital information; and a 
restarting unit for changing the multiplied digital infor- 
mation corresponding to the window function Including 

35 a recording restart timing of the digital information to 
zero infomnation, and for restarting recording the digital 
infomnation to be recorded after the recording restart 
timing, after recording the zero information onto the 
information storage medium. 

40 [0015] According to the similar aspect of the 
present invention, there is provided an information 
recording method for recording digital information input- 
ted from outside onto an information storage medium, 
including the steps of: multiplying the digital Information 

45 by a plurality of window functions to generate a plurality 
of multiplied digital information, each of the plurality of 
window functions having a time-axis characteristic 
including a fade-in portion and a fade-out portion and 
having overiaps with neighboring window functions on 

50 time axis; recording the plurality of multiplied digital 
infomnation corresponding to the respective window 
functions; changing interruption multiplexed digital infor- 
mation which are the multiplied digital information corre- 
sponding to the window function including a recording 

55 interruption timing of the digital infomnation to zero infor- 
mation, and interrupting recording the digital information 
after recording the zero Information onto the information 
storage medium in place of the intenruptton multiplexed 
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digital information; and changing the multiplied digital 
Information corresponding to the window function 
including a recording restart timing of the digital infor- 
mation to zero information, and restarting recording the 
digital information to be recorded after the recording 
restart timing, after recording the zero information onto 
the information storage medium. 
[0016] In accordance with the above information 
recording apparatus and method, the window function 
which are multiplied by the digital Information have a 
time-axis characteristic including fade-In portion and 
fade-out portion. When the digital information recording 
is interrupted, the interruption digital information is 
changed to zero information and the recording of the 
digital information Is interrupted after the zero informa- 
tion is recorded on the information storage medium. 
When the digital information recording is restarted, the 
multiplexed digital information corresponding to the win- 
dow function including the recording restart timing is 
changed to zero information and the digital information 
recording Is restarted after the zero information Is 
recorded on the Information storage medium. Thus, the 
digital information recording level just before the inter- 
ruption or just after the restart become similar to the 
fade-out or fade-in characteristic of the window function. 
Therefore, the fade-out and fade-in can be achieved by 
a sihiple processing at the interruption/restart time of 
the digital information, and it is possible to avoid noise 
generation at the time of interruption/restart, due to the 
sudden great variation of the digital information record- 
ing level. 

[0017] According to still another aspect of the 
present invention, there is provided an information 
recording apparatus for recording digital information 
inputted from outside onto an Information storage 
medium, including: a multiplexing unit for multiplexing 
the digital information by a plurality of window functions 
to generate a plurality of multiplied digital Information, 
each of the plurality of window functions having a time- 
axis diaracteristic Including a fade-In portion and a 
fade-out portion and having overlaps with neighboring 
window functions on time axis; a recording unit for 
recording the plurality of multiplied digital information 
con-esponding to the respective window functions; an 
interruption unit for changing the digital Information 
including a recording interruption timing of the digital 
information to zero information, and for interrupting 
recording the digital information after recording the zero 
information onto the information storage medium in 
place of the multiplexed digital Information including the 
recording inten-uption timing; and a restarting unit for 
changing, after a recording interruption, the digital infor- 
mation including a recording restart timing of the digital 
information to zero information, and for restarting 
recording the digital Information to be recorded after the 
recording restart timing, after recording the zero infor- 
mation onto the information storage medium in place of 
the multiplexed digital Information Including the record- 



ing restart timing. 

[0018] According to the similar aspect of the 
present invention, there is provided an information 
recording method for recording digital infomnation input- 
5 ted from outside onto an information storage medium, 
including the steps of: multiplexing the digital infonna- 
tion by a plurality of window functions to generate a plu- 
rality of multiplied digital infonnatton, each of the 
plurality of window functions having a time-axis charac- 
10 teristic including a fade-in portion and a fade-out portion 
and having overlaps with neighboring window functions 
on time axis; recording the plurality of multiplied digital 
information corresponding to the respective window 
functions; changing the digital information including a 
15 recording interruption timing of the digital information to * 
zero information, and interrupting recording the digital 
Information after recording the zero information onto the 
infomnation storage medium in place of the multiplexed 
digital information including the recording interruption 
20 timing; and changing, after a recording Interruption, the 
digital information including a recording restart timing of 
the digital information to zero information, and restarting 
recording the digital information to be recorded after the 
recording restart timing, after recording the zero infor- 
ms mation onto the information storage medium In place of 
the multiplexed digital Information Including the record- 
ing restart timing. 

[0019] In accordance with the above infomnation 
recording apparatus and method, the window functions 

30 which are multiplied by tiie digital information have a 
time-axis characteristic including fade-in portion and 
fade-out portion. When the digital information recording 
is interrupted, the digital infonnation Including the 
recording interruption timing is changed to zero informa- 

35 tion and the recording of the digital Information is inter- 
rupted after the zero information Is recorded on the 
information storage medium in place of the multiplexed 
digital information Including the recording interruption 
timing. When the digital information recording is 

40 restarted, the digital information Including the recording 
restart timing is changed to zero information and the 
digital information recording is restarted after the zero 
information is recorded on the information storage 
medium in place of the multiplexed digital infomnation 

45 including the recording restart timing. Thus, the digital 
information recording level just before the interruption or 
just after the restart become similar to the fade-out or 
fade-in characteristic of the window function. Therefore, 
the fade-out and fade-in can be achieved by a simple 

so processing at the Interruption/restart time of the digital 
information, and It is possible to avoid noise generation 
at the time of interruption/restart, due to the sudden 
great variation of the digital information recording level. 
[0020] Preferably, each of the window functions has 

55 the overlap for a half of a time period of the window 
function on a time-axis. By this, the multiplexed digital 
infomnation which accurately corresponds to tine original 
information can be generated and recorded 
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[0021] In a preferred embodiment, the digital infor- 
mation may be audio information. By this, the noise gen- 
eration can be avoided at the recording end. start and 
Interruption/restart time of recorded audio information. 
[0022] Further, in a preferred embodiment, the win- 5 
dow function may be adapted to remove distortion in 
Modified Discrete Cosine Transfomi coding system. 
Thus, the fade-out and fade-in can be achieved by a 
simple processing at ending, start and interrup- 
tion/restart time of the digital information recording 
using MDCT coding system, and it is possible to avoid 
noise generation. 

[0023] The nature, utility, and further features of this 
invention will be more clearly apparent from the follow- 
ing detailed description with respect to prefen-ed 
embodiment of the invention when read in conjunction 
with the accompanying drawings briefly described 
below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

FIG. 1 is a block diagram showing schematic con- 
figuration of an information recording and reproduc- 
ing apparatus according to the present invention; 
FIG. 2A is a block diagram showing detailed config- 
uration of an audio compression circuit; 
FIG. 2B is a block diagram showing detailed config- 
uration of an analyzing fitter unit; 
FIG. 3 is a diagram showing normal filtering 
processing; FIG. 4A Is a block diagram showing 
configuration of an audio extension circuit; 
FIG. 48 is a diagram showing operation waveforms 
of the audio extension circuit shown in FIG. 4A; 
FIG. 5A is a flowchart showing filtering processing 
according to the first embodiment at recording end 
time; 

FIG. 58 is a flowchart showing filtering processing 
according to the first embodiment at recording start 
time; 

FIG. 6A is a timing chart showing filtering process- 
ing according to the first embodiment at recording 
end time; 

FIG. 68 is a timing chart showing processing 
according to the first embodiment at recording start 
time; 

FIG. 7 is a flowchart showing filtering processing at 
recording Interruption/restart time; 
FtG. 8 is a timing chart showing filtering processing 
at the recording inten^uption/restart time; 
FIG. gA is a block diagram showing detailed config- 
uration of an analyzing filter according to a second 
embodiment; 

FIG. 9B is a flowchart showing filtering processing 
at the recording ending time according to the sec- 
ond embodiment; 

FIG. 1 0A is a block diagram showing detailed con- 



figuration of an analyzing fitter according to a third 
embodiment; and 

FIG. 108 is a flowchart showing filtering processing 
at the recording ending time according to the third 
embodinrtent. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] The preferred embodiments of the present 
invention will now be described below with reference to 
the attached drawings. 

[0026] It is noted that, in the following embodi- 
ments, the present invention is applied to an information 
recording and reproducing apparatus which records 
digital audio and video (picture) information on an opti- 
cal disc and reproduces recorded information from the 
optbal disc. 

[I] 1st Embodiment 

[0027] A first embodiment of the present invention 
will be described with reference to FIGS. 1 to 8. First of 
all, a configuration and rough operation of an informa- 
tion recording and reproducing apparatus of the first 
embodiment wilt be described. 

[0028] As shown in FIG. 1 , the information record- 
ing and reproducing apparatus 1 includes a spindle 
motor 3, a pickup 4, a servo circuit 5, a recording sys- 
tem 6, a reproducing system 7, a central control circuit 
8, an operation unit 9 and a display unit 10. The spindle 
motor 3 rotationally drives an optical disc 2 serving as 
an information storage medium. The pickup 4 optically 
records recording data Dy/y onto the optical disc 2 and 
detects detection data Drd from the optical disc 2. 'The 
servo circuit 5 performs servo control of the spindle 
motor 3 and the pickup 4. The recording system 6 gen- 
erates the recording data to be recorded on the 
optical disc 2. The reproducing system 7 applies repro- 
duction processing onto the detection data Drq 
detected from the optical disc 2 and outputs a video sig- 
nal Svo and an audio signal S/^ to outside. The central 
control circuit 8 performs overall control of the informa- 
tion recording and reproducing apparatus 1 . The opera- 
tion unit 9 is used by a user to input desired instructions 
including recording interruption and restart to the cen- 
tral control circuit 8. 

[0029] The recording system 6 includes A/D con- 
verters 1 1. 12, an audio compression circuit 13, a video 
compression circuit 14, a multiplexing circuit 15, a 
recording buffer memory 16. an encoder 17, and a 
recording circuit 1 8. The reproducing system 7 includes 
D/A converters 39, 40, a video extension (decompres- 
sion) circuit 41 , an audio extension (decompression) cir- 
cuit 42, a demultiplexing circuit 43, a reproduction buffer 
memory 44, a decoder 45, and an reproducing circuit 
46. The central control circuit 8 includes a memory 8a 
for storing preset system program, and is constituted by 
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a microprocessor (CPU) which performs overall control 
of the information recording and reproducing apparatus 
1 by executing the system program. 
[0030] Next, the rough operation of the recording 
system 6 will be described. First, the A/D converter 1 1 5 
converts the analog audio signal S/^i supplied from out- 
side into the digital audio data Dai and outputs it to the 
audio compression circuit 13. The audio compression 
circuit 13 compresses the audio data D^i based on the 
MDCT compression system designated by the control io 
signal C| from the central control circuit 8, generates 
the compressed audio data DPai and outputs it to the 
multiplexing circuit 15. Simultaneously, the A/D con- 
verter 12 converts the analog video signal S^i supplied 
from outside into the digital video data Dyi and outputs is 
it to the video compression circuit 14. The video com- 
pression circuit 14 compresses the video data Dvi 
based on the data compression system (e.g.. IVIPEG 
(Moving Picture Experts Group)) designated by the con- 
trol signal C-| from the central control circuit 8, gener- 20 
ates the compressed video data DP^i and outputs it to 
the multiplexing circuit 15. 

[0031] When a user inputs a recording start Instruc- 
tion by the operation unit 9, the multiplexing circuit 15 
performs time-division multiplexing onto the com- 25 
pressed audio data DPai and the compressed video 
data DPvi with cooperating with the recording buffer 
memory 16, according to the timing designated by the 
control signal C2 from the central control circuit 8, and 
outputs the tlme-divlsion-multiplexed compressed data 3a 
DPw to the encoder 1 7. At this time, the recording buffer 
memory 16 temporarily stores the compressed audio 
data DPai and the compressed video data DPy/i and 
generates the compressed data DPw by the coopera- 
tion with the multiplexing circuit 15. Simultaneously, the 35 
recording buffer memory 16 sends the data amount sig- 
nal Gmw indicating the data amount (or data length) of 
the compressed data DPyv generated by the multiplex- 
ing circuit 15 to the central control circuit 8. The central 
control circuit 8 displays the data amount of the com- 40 
pressed data DPw in the form of characters or else 
based on the data amount signal Cmw. 
[0032] The encoder 17 encodes the compressed 
data DPw based on the control signal C3 supplied from 
the central control circuit 8 to produce encoded data 45 
DwE ^nd outputs it to the recording circuit 18. The 
recording circuit 18 applies, based on the control signal 
C4 supplied from the central control circuit 8, predeter- 
mined processing including amplification onto the 
encoded data Dwe produce recording data Dwp ^nd so 
outputs it to the picl<up 4. Thus, the light source in the 
pickup 4, such as a semiconductor laser, is driven in 
con*espondence with the recording data Dwj. so that 
the light beam having intensity corresponding to the 
recording data Dwr is emitted, and the recording data ss 
Dwr is optically recorded on the optical disc 2. 
[0033] Next, the rough operation of the reproducing 
system 7 will be described. First, the reproducing circuit 



46 applies waveform-shaping processing, based on the 
control signal C5 supplied from the central control circuit 
8, onto the detection data Drq (RF (Radio Frequency) 
signal) detected from the optical disc 2 by the pickup 4 
to generate binary reproduction data Dpp and outputs it 
to the decoder 45. The decoder 46 decodes the repro- 
duction data Dpp based on the control signal Cq sup- 
plied from the central control circuit 8, according to the 
predetennined decoding system corresponding to the 
encoding system of the encoder 1 7, and generate and 
output the decode data DP^ to the reproduction buffer 
memory 44. Then, the reproduction buffer memory 44 
temporarily stores the decode data DPr, and rear- 
ranges the stored decode data DPfi^ to be decode data 
DPav synchronized with preset timing, which is output- 
ted to the demultiplexing circuit 43. 
[0034] Simultaneously, the reproduction buffer 
memory 44 transfers the data amount signal Cmr indi- 
cating the data amount (or data length) of the inputted 
decode data DPr to the central control circuit 8. The 
central control circuit 8 displays the data amount of the 
decode data DPr on the display unit 10 in the form of 
characters or else based on the data amount signal 
Cmr. By this, the demultiplexing circuit 43 separates the 
compressed video data DPyo and the compressed 
audio data DPaq multiplexed in the decode data DPav 
from each other based on the control signal G7 supplied 
from the central control circuit 8. Then, the demultiplex- 
ing circuit 43 outputs the compressed video data DPyo 
to the video extending circuit 41 , and outputs the com- 
pressed audio data DPao to the audio extending circuit 
42. The compressed audio data DPaq, is frequency- 
domain data to which FFT processing (First Fourier 
Transform) is applied at the time of recording. The video 
extending circuit 41 applies, based on the control signal 
C7 supplied from the central control circuit 8, predeter- 
mined extension processing corresponding to the com- 
pression system of the video compression circuit 14 
onto the compressed video data DPyo to generate 
extended video data Dyo and outputs it to the D/A con- 
verter 39. The D/A converter 39 converts the video data 
Dvo into analog video signal Syo. and outputs it to out- 
side. 

[0035] Simultaneously, the audio extending circuit 
42 applies predetermined extending processing corre- 
sponding to the compression system of the audio com- 
pression circuit 13, based on the control signal C7 
supplied from the central control circuit 8, to generate 
extended audio data Dao and outputs it to the D/A con- 
verter 40. The D/A converter 40 converts the audio data 
Dao» into analog audio signal Sao» an^ outputs it to out- 
side. 

[0036] In executing the above-described recording 
and reproducing operation, the central control circuit 8 
generates the control signals C^ to C7 for controlling the 
operation of the servo circuit 5, the recording system 6 
and the reproducing system 7. and outputs them to the 
respective elements. In addition, the central control cir- 
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cult 8 receives the instruction from the user via the oper- 
ation unit 9, and displays, on the display unit 10, cun*ent 
operation state of the infomnation recording and repro-. 
ducing apparatus 1 . various information related to the 
recorded Information and menu picture for instructing 5 
the user of the operation method of the Information 
recording and reproducing apparatus 1 . 
[0037] Further, the central control circuit 8 gener- 
ates the control signal Cqs anci outputs it to the servo 
circuit 5 so that the servo circuit 5 executes tracking 10 
servo and focus servo control for accurately positioning 
the in-focus position of the light beam B on the informa- 
tion recording surface of the optical disc 2 and the spin- 
dle servo control for controlling the rotation number of 
the spindle motor 3. The servo circuit 5 generates the 15 
servo control signal Cpc for executing the tracking servo 
control and the focus servo control based on the control 
signal Ccs* outputs it to an actuator within the opti- 
cal pickup 4 (not shown) for driving an objective lens 
used to make the light beam B converged on the optical 20 
disc 2. The servo circuit 5 also generates the servo con- 
trol signal Csc performing the spindle servo control 
and outputs it to the spindle motor 3. 
[0038] Next, the detailed configuration of the audio 
compression circuit 13 in the recording system 6 of the 25 
present Invention will be described with reference to 
FIGS. 2A and 28. FIG. 2A is a block diagram showing a 
detailed configuration of the audio compression circuit 
13, and FIG. 28 is a block diagram showing a detailed 
configuration of an analyzing filter unit 20. As shown in 30 
FIG. 2A, the audio compression circuit 13 includes an 
analyzing filter unit 20, a quantizing unit 21, a packing 
unit 22, and a bit allocation unit 23. 
[0039] Next, the operation will be described. First, 
the analyzing filter unit 20 applies filtering processing 35 
onto the audio data Dai, based on the control signal 
from the central control circuit 8. to produce filtered data 
Df, and outputs It to the quantizing unit 21 . In addition, 
the analyzing filter unit 20 generates the control signal 
Cb for controlling the bit allocation unit 23 and outputs it 40 
to the bit allocation unit 23. The filtering processing per- 
formed by the analyzing filter unit 20 firstly multiplies the 
Inputted audio data D^i by window function having pre- 
determined fade-in time-axis characteristic and fade-out 
time-axis characteristic. The filtering processing then 45 
replaces data including interruption timing and restart 
timing by zero data when information recording onto the 
optical disc 2 is interrupted or restarted, and applies 
FFT processing onto the resultant data. The window 
function is multiplied in order to avoid block distortion so 
generated in the FFT processing and the quantizing 
processing in the quantizing unit 21. The block distor- 
tion is caused by the discontinuity of the connection of 
the neighboring blocks In the blocked audio signal Sai in 
the case where the audio signal Sai is recorded on the 55 
optical disc 2 after being connpressed in block unit and 
then the audio signal Sai thus recorded is extended in 
block unit to be reproduced as the audio signal Sao 



[0040] Then, the bit allocation unit 23 sets the bit 
allocation for the quantization by the quantizing unit 21 
based on the control signal Cb, and generates and out- 
puts the control signal Cba indicating the contents thus 
set to the quantizing unit 21, The quantizing unit 21 
quantizes and compresses audio Information Included 
in the fiitered signal Dp based on the bit allocation con- 
tents indicated by the control signal Cba. generate 
and output the quantized audio data Dq which is output- 
ted to the packing unit 22. Finally, the packing unit 22 
packs the quantized audio data Dq into units of prede- 
termined data amount to generate the compressed 
audio data DPai divided by the pack unit, and outputs it 
to the multiplexing circuit 1 5. 

[0041] Next, the detailed configuration of the ana- 
lyzing filter unit 20 will be described with reference to 
FIG. 28. As shown in FIG. 28, the analyzing filter unit 20 
includes buffer memories 25. 27, a multiplying unit 26, a 
replacing unit 28. a CPU 30 and an FFT unit 31. 
[0042] Next, the detailed operation of the analyzing 
filter unit 20 will be described with reference to FIGS. 28 
and 3. FIG. 3 is a timing chart for explaining the 
processing by the analyzing filter unit 20. wherein the 
vertical axes indicate levels of the respective signals. 
[0043] First, the buffer memory 25 temporarily 
stores inputted audio data Dai, by unit of predetermined 
data amount, based on the control signal Cr^-i from the 
CPU 30, and outputs the stored data to the multiplying 
unit 26 by unit of the predetemnined data amount as the 
memory data Dbi - The multiplying unit 26 multiplies the 
inputted memory data Dbi by the window functions as 
shown in FIG. 3 to generate multiplied data D^w 
each multiplied window function (see. the lower part of 
FIG. 3), and outputs them to the buffer memory 27. The 
respective window functions, by which the memory data 
Dbi is multiplied, have timely symmetrical waveform, 
wherein the time T|n during which the level fades in from 
zero level Is continuous with the time Tquj during which 
the level fades out to zero level, and wherein the half 
periods of the neighboring window functions overlap 
with each other on the time axis. By the operation of the 
multiplying unit 26, the multiplied data Dy^w having 
waveforms similar to the respective window functions 
shown in FIG. 3 and being overlapped for half period, 
respectively, is outputled. This multiplying processing 
for each window function prevents the block distortion 
from being generated. 

[0044] Then, the buffer memory 27 temporarily 
stores the inputted multiplied data Dyy/w based on the 
control signal Cbm2- When window function multiplying 
processing for all unit memory data stored in the buffer 
memory 25 is finished, the buffer memory 27 outputs 
the multiplied data Dww to the replacing unit 28 as the 
memory data Dr^. If the information recording onto the 
optical disc 2 is interrupted or restarted, the replacing 
unit 28 replaces the memory data Db2. which is 
obtained by the multiplication of the window functions 
including the interruption timing or restart timing, with 
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zero data in accordance with the control signal Cq from 
the CPU 30. and outputs them to the FFT unit 31 as the 
replaced data Dq- At this time, the memory data Db2 
other than those which are obtained by the multiplica- 
tion of the window functions including the interruption 
timing or the restart tinting are outputted to the FFT unit 
31 as the data Dc» with no processing applied thereto. 
The FFT unit 31 applies FFT processing onto the data 
Dc to convert it to frequency-domain data, and outputs 
it to the quantizing unit 21 as the filtered data Dp 
[0045] In the above-described processing, the CPU 
30 generates the control signals Cqml ^bm2 Cq, 
based on the control signal C^, and outputs them to the 
respective associated elements so that appropriate 
processing is performed at those elements. At this time, 
data indicating the interruption timing, which is used in 
the replacing processing by the replacing unit 28, is 
supplied to the CPU 30 as the control signal C^. 
[0046] Next, the detailed configuration and opera- 
tion of the audio extension circuit 22 in the reproducing 
system 7 will be described with reference to FIGS. 4A 
and 4B. FIG, 4A Is a block diagram showing the detailed 
configuration of the audio extension circuit 22, and FIG. 
4B shows waveforms illustrating the operation of the 
audio extension circuit 22. As shown in FIG. 4A. the 
audio extension circuit 22 Includes a reverse-FFT unit 
35, a multiplying unit 36, a buffer memory 37, an adder 
38, and a de-quantizing unit 47. 

[0047] Next, the operation will be described. First, 
the de-quantizing unit 47 applies extension processing, 
corresponding to the compression processing by the 
quantizing unit 21, onto the compressed audio data 
DPao inputted as frequency-domain data to generate 
the extended data DPex, and outputs it to the reverse- 
FFT unit 35. Then, the reverse-FFT unit 35 applies 
reverse-FFT conversion onto the extended data DP^x 
to generate the reverse-converted data D|p and outputs 
it to the multiplying unit 36. The multiplying unit 36 mul- 
tiplies the reverse-converted data D|p which is time- 
domain data, by the above-mentioned window functions 
like the multiplying unit 26 to generate the multiplied 
data Da (having the waveform shown in the upper part 
of FIG. 4B), and outputs it to the buffer memory 37 and 
one input terminal of the adder 38. The buffer memory 
37 temporarily stores the inputted multiplied data D^, 
and outputs it to the other input terminal of the adder 38 
after the time period corresponding to the half period of 
the above-mentioned window function has passed. The 
adder 38 adds the multiplied data D^ directly inputted 
from the multiplying unit 36 to the multiplied data Da 
delayed by the buffer memory 37, on the time axis basis, 
to generate the audio data Dao shown at the lower por- 
tion of FIG. 4B, and outputs it to the D/A converter 40. 
By means of the delaying in the buffer memory 37 and 
the addition by the adder 38, the multiplied data Da 
which have been timely separated for each window 
function are converted to the audio data D^q (which cor- 
responds to the audio data Dai in the recording system 



6) having a uniform level. 

[0048] Next, the processing in the analyzing filter 20 
according to the present invention will be described with 
reference to FIGS. 5 to 8. FIGS. 5A and 5B are flow- 

5 charts showing the processing at the infomnation 
recording ending time and the information recording 
start time, and FIGS. 6A and SB are timing charts show- 
ing the data status at the information recording ending 
time and the Information recording start time. FIG. 7 is a 

10 flowchart showing the processing at the Infomnation 
recording inten-uption/restart time, and FIG. 8 Is a timing 
chart showing the data status at the information record- 
ing interruption/restart time. In the flowcharts shown in 
FIGS. 5A, 6B and 7, the same steps are represented by 

15 the same step numbers and their detailed description 
will not be repeated. 

[0049] First, the processing at the infomriation 
recording ending time will be described with reference 
to FIGS. 5A and 6A. At the time of ending the infonna- 

20 tion recording, the analyzing filter 20 applies the multi- 
plying process of the window functions in the multiplying 
unit 26 onto the audio data Dai (step SI). Then, it is 
checked whether or not the CPU 30 recognized the end- 
ing of the information recording based on the control 

25 signal C^ indicating that an instruction indicating the 
ending of the information recording is inputted in the 
operation unit 9 (step S2). If the ending is not instructed 
(step S2;No), the memory data Db2 stored in the buffer 
memory 27 is passed through the replacing unit 28 with- 

30 out any process applied thereon, and then the FFT unit 
31 performs the above -described FFT processing (step 

55) . Then, it is checked whether or not filter processing 
is perfomried for all audio data Dai to be recorded (step 

56) . If all data are processed (step S6: Yes), the proc- 
35 ess ends. If all data are not processed (step S6;No), the 

process goes back to step SI to perfomn the filter 
processing onto the subsequent audio data Dai. 
[0050] If the recording end instruction is detected in 
step S2 (step S2;Yes), out of the generated multiplied 

40 data Dww (see. 3rd stage in FIG. 6A), the multiplied 
data Dwvv obtained by multiplying the window function 
including the information recording ending time is 
replaced with zero data to generate the replaced data 
Do shown in the 4th stage in FIG. 6A (step S3). Then, 

45 the processing in steps S5 and S6 are performed for the 
replaced data Dq. As a result, the level of the recording 
data DyvT at the recording ending time has the same 
fade-out characteristic as the fade-out characteristic of 
the replaced data Dq generated immediately before the 

50 ending time. Therefore, the recording is interrupted after 
the signal intensity level of the recording data D^t is 
reduced according to the same fade-out characteristic 
as that of the replaced data Dc- The reproduced wave- 
fomn of the audio datai Dao, which is obtained after the 

55 addition by the adder 38 at the time of reproducing the 
recording data D^j, shows the same fade-out charac- 
teristic as that of the replaced data Dc as shown at the 
bottom of FIG. 6A, and thus the reproduction is ended. 
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[0051] Next, the processing at the information 
recording start time will be described with reference to 
FIGS. 5B and 6B. At the time of starting the infonnation 
recording, the analyzing filter unit 20 checks whether or 
not the CPU 30 recognized the start of the information 5 
recording based on the control signal Indicating that 
an instruction indicating the start of the information 
recording is inputted in the operation unit 9 (step S7). If 
the recording start is not Instructed (step S7;No), the 
process waits for the instruction. If the recording start is 10 
instructed (step S7; Yes), the multiplication of the win- 
dow functions is applied to the inputted audio data D^i in 
the multiplying unit 26 (step SI ). Then, out of the gener- 
ated multiplied data Dyvw (s^®- stage in FIG. 6B). 
the muttiplied data Dyvw obtained by multiplying the win- 75 
dow function including the recording start time is 
replaced with zero data to generate the replaced data 
Dc shown in the 4th stage in FIG. SB (step S3). Then, 
the processing in steps S5 and S6 are performed for the 
replaced data Dc (see. FIG. SB). In step S6, if the 20 
processing is not completed for all audio data Dai (step 
86; No), the process goes back to step S1 to apply the 
processing of steps SI , S5 and S6 onto the audio data 
Dai subsequently inputted. In this case, since the 
processing is applied to the audio data Dai after the 25 
recording start time, the replacing processing (step S3) 
is always skipped. 

[0052] As a result, the level of 'the recording data 
DwT af the recording start time has the same fade-in 
characteristic as the fade-in characteristic of the 30 
replaced data Dc generated immediately after the start 
timing. Therefore, the recording is started after the sig- 
nal intensity level of the recording data Dy/j is increased 
according to the same fade-in characteristic as that of 
the replaced data Dc- The reproduced wavefomri of the 35 
audio data Daq, which is obtained after the addition by 
the adder 38 at the time of reproducing the recording 
data Dv^, shows the same fade-in characteristic as that 
of the replaced data Dc as shown at the bottom of FIG. 
6B, and the reproduction is started in this manner. 40 
[0053] Next, the description will be given of the 
processing when the information recording is inter- 
rupted and then restarted from the interrupted position, 
with reference to FIGS. 7 and 8. First, during the infor- 
mation recording, the multiplying processing of the win- 45 
dow functions are performed in the multiplying unit 26 
(step SI). Then, it is checked whether or not the CPU 
30 recognized the interruption of the information record- 
ing based on the control signal indicating that an 
instruction indicating the inten-uption of the information 50 
recording is inputted In the operation unit 9 (step S10). 
If the interruption is not instructed (step S10;No), the 
normal filtering processing described above is per- 
formed (steps S5 and S6). If the recording intenuption 
is instructed in step SI 0. the input of the audio data Dai 55 
is stopped (step S1 1). Then, out of the generated multi- 
plied data Dww (s^^- 3rd stage in FIG. 8), the multiplied 
data Dww obtained by multiplying the window function 



including the interruption timing is replaced with zero 
data to generate the replaced data Dc shown in the 4th 
stage in FIG. 8 (step S3). Then, the FFT processing is 
performed by using the replaced data Dq. and thus the 
processing is interrupted. 

[0054] By this, the level of the recording data Dvyrr 
immediately before the interruption has the same fade- 
out characteristic as the fade-out characteristic of the 
replaced data Dc generated immediately before the 
interruption. Therefore, the recording Is interrupted after 
the signal level of the recording data Dvyn* is reduced 
according to the same fade-out characteristic as that of 
the replaced data Dc- The reproduced waveform of the 
audio data Dao> which is obtained after the addition by 
the adder 38 at the time of reproducing the recording 
data Dyvi, shows the same fade-out characteristte as 
that of the replaced data Dc as shown at the bottom of 
FIG. 8, and thus the reproduction is interrupted. 
[0055] During the interruption, it is repeatedly 
checked whether or not the CPU 30 recognized the 
restart of the information recording based on the control 
signal Ci indicating that an instruction indicating the 
restart of the information recording is inputted in the 
operation unit 9 (step S12). If the restart is not 
instructed (step S12:No), the interruption is continued. If 
the restart is instructed (step S12;Yes), out of the gener- 
ated multiplied data Dww (s^^- stage in FIG. 8), the 
multiplied data D^m obtained by multiplying the window 
function including the restart timing is replaced with 
zero data to generate the replaced data Dc shown in the 
4th stage in FIG. 8 (step S3). Then, the processing of 
steps S5 and S6 are performed for the replaced data 

Dc- 

[0056] As a result, the level of the recording data 
DwT immediately after the recording restart timing has 
the same fade-in characteristic as the fade-in character- 
istic of the replaced data DC generated immediately 
after the restart timing. Therefore, the recording Is 
restarted after the signal intensity level of the recording 
data Dyy/T is increased according to the same fade-in 
characteristic as that of the replaced data Dc- The 
reproduced wayefomi of the audio data Dao which is 
obtained after the addition by the adder 38 at the time of 
reproducing the recording data Dy^|, shows the same 
fade-in characteristic as that of the replaced data Dc as 
shown at the bottom of FIG. 8, and thus the reproduc- 
tion is restarted. 

[0057] As described above, according to the 
processing of the analyzing filter unrt 20 of the first 
embodiment, when the information recording is ended, 
the multiplied data Dww conresponding to tiie window 
function including the ending timing is changed to zero 
data, the zero data is recorded on the optical disc 2. and 
then the recording is ended. The level change of record- 
ing data DyvT immediately before the recording ending 
timing becomes similar to the change in the fade-out of 
the window function level. Hence, the fade-out can be 
performed by a simple processing at the recording end- 
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ing timing, and audible noise generation due to the sud- 
den decrease of the recording level at the time of 
recording ending timing may be avoided. 
[0058] Further, in starting Information recording, 
since the multiplied data Dwyv corresponding to the win- 5 
dow function including the recording start timing is 
changed to zero data, the zero data Is recorded on the 
optical disc 2 In place of the multiplied data D^w includ- 
ing the start timing, and then the recording is started. 
The level change of recording data D\vt immediately io 
after the recording start timing becomes similar to the 
change of the fade-in of the window function level. 
Hence, the fade-in can be performed by a simple 
processing at the recording start timing, and audible 
noise generation due to the sudden increase of the 15 
recording level at the recording end timing may be 
avoided. 

[0059] Still further, in interrupting information 
recording, the multiplied data Dyvw corresponding to the 
window function including the interruption timing is 20 
changed to zero data, the zero data is recorded on the 
optical disc 2 in place of the multiplied data Dvvw includ- 
ing the interruption timing, and then the recording is 
interrupted. In restarting information recording, the mul- 
tiplied data Dww corresponding to the window function 25 
including the restart timing is changed to zero data, the 
zero data is recorded on the optical disc 2 in place of the 
multiplied data Dww Including the restart timing, and 
then the recording is restarted. The level change of 
recording data D^t Immediately before the Interruption 30 
or Immediately after the restart becomes similar to the 
change of the fade-out or fade-in of the window function 
level. Hence, the fade-in or fade-out can be performed 
by a simple processing at the recording interruption or 
restart timing, and audible noise generation due to the 35 
sudden successive change of the recording level at the 
recording interruption or restart timing may be avoided. 
[0060] Still further, since each of the plural window 
functions has half-period overlapping with the neighbor- 
ing window function on the time axis, it is possible to 40 
generate and record accurate recording data Dyvr 
respect of the original audio data Dai. 
[0061] Still further, since the plural window func- 
tions are mainly used for eliminating the block distortion 
in the MDCT coding system, at the time of ending or 45 
start or interruption/restart of recording audio data D^i 
using the MDCT coding system, the fade-in or fade-out 
may be performed with simple processing and the audi- 
ble noise generation may be avoided. 
[0062] According to the infomnation recording and so 
reproducing apparatus 1 of the first embodiment, the 
time progress in recording the audio data D^i is stopped 
simultaneously with the recording interruption and is 
restarted simultaneously with the recording restart. 
Therefore, when the video data O/i and the audio data 55 
□ai are recorded on the optical disc 2 with associating 
them with each other, it is possible to avoid time base 
shift between the video data Dvi and the audio data Dai« 



which is generated if the audio data D^i is faded out with 
instantly stopping the recording of the video data Dvi at 
the time of interruption (i.e., the time of the audio data 
D/^l is still progressing during fade-out whereas the time 
of the video data Dyi stops simultaneously with the 
recording interruption, and hence time base of the video 
data Dvi and the audio data D^i may be shifted.). 

[II] 2nd Embodiment 

[0063] Next, the second embodiment of the present 
invention will be described with reference to FIGS. 9A 
and 9B. FIG. 9A is a block diagram showing the config- 
uration of the analyzing filter according to the second 
embodiment, and FIG. 9B is a flowchart showing the * 
operation of the analyzing filter according to the second 
embodiment It is noted that the same component and 
step as those In the first embodiment are represented 
by the same reference numerals and step numbers. 
[0064] In the first embodiment described above, the 
analyzing filter carries out the multiplying processing, 
the replacing processing, addition and then the FFT 
processing in this order In the second embodiment, the 
order of those processing is different from that of the 
first embodiment. In the second embodiment, the con- 
figuration and operation of the elements other than the 
analyzing filter unit are the same as those in the first 
embodiment, and hence the description thereof will be 
omitted. 

[0065] As shown in FIGS. 9A and 9B, at the time of 
ending the recording with the analyzing filter unit 20' of 
the second embodiment, first the buffer memory 25, the 
multiplying unit 26 and the buffer memory 27 perform 
the multiplying processing and the accumulating 
processing to the buffer memory 27 like the first enribod- 
Iment (step SI). Then, the FFT unit 31 applies the FFT 
processing onto the respective memory data Db2 ^or 
each window function stored in the buffer memory 27 
(step S5). Then, the replacing unit 28 performs the 
replacing processing, which replaces the frequency- 
domain data DcF for each window function after the FFT 
processing with zero data, at the recording end timing 
(step S2; Yes), and then the replaced data (frequency- 
domain data) for each window function is generated as 
the filtered data Dp (step S3). 

[0066] By using the filtered data Dp generated by 
this filtering processing, the reproduction level of the 
audio data D/yo at in reproduction after the recording 
has the similar fade-out characteristic as that of the win- 
dow function level (see. The bottom of FIG. 6A). In addi- 
tion, at the recording start timing or the recording 
interruption/restart timing, by performing the filtering 
processing in the order of the multiplying processing, 
the FFT processing, the replacing processing and the 
addition like the above-mentioned recording end timing, 
the reproduction level change of the audio data D^q 
similar to that at the time of recording start or recording 
interruption/restart may be obtained (see. the bottom of 
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FIG. 6B and 8). As described above, by the operation of 
the analyzing filter unit 20' of the second embodiment, 
the same result as that by the analyzing filter unit 20 of 
the first embodiment may be obtained. 

[Ill] 3nj Embodiment 

[0067] Next, the third embodiment of the present 
invention will be described with reference to FIGS. 10A 
and 10B. FIG. 1 0A is a block diagram showing the con- 
figuration of the analyzing filter unit according to the 
third embodiment, and FIG. 10B is a flowchart showing 
the operation of the analyzing filter unit according to the 
third embodiment. It is noted that the same elements 
and steps as those in the first embodiment will be repre- 
sented by the same reference numerals and step num- 
bers. 

[0068] In the third embodiment, the analyzing filter 
unit performs the filtering processing different from 
those in the first and the second embodiments. In this 
third embodiment, the configuration and the operation 
of the elements other than the analyzing filter unit are 
the same as those in the information recording and 
reproducing apparatus 1 of the first embodiment, and 
hence the description thereof will be omitted. 
[0069] As shown in FIG. lOA, the analyzing filter 
unit 20" of the third embodiment includes the buffer 
memory 25, 27, the multiplying unit 26, the replacing 
unit 28 and the FFT unit 31 , which are same as those in 
the first embodiment. Further, the analyzing filter unit 
20" includes the CPU 32 and the switches 33, 34. 
[0070] Next, the operation of the analyzing filter unit 
20" at the recording end timing will be described with 
reference to FIGS. 10A and 10B. In the third embodi- 
ment, the switch 33 is connected to the side of the buffer 
memory 25 based on the control signal Csw the 
CPU 32 during the continuous information recording 
(step S2; No), and the switch 34 Is connected to the side 
of the FFT unit 31 based on the control signal C^y^ The 
audio data D^i inputted during the information recording 
is outputted from the switch 33 as the switch signal 
Dsw2 inputted to the buffer memory 25. After 

that, the buffer memory 25, 27, and the multiplying unit 
26 perform the window function multiplying processing 
onto the audio data D^^i (step SI). The FFT unit 31 
applies the FFT processing onto the buffer data 
generated by the window function multiplying process- 
ing to generate the frequency-domain data Dpp (step 
85), which is outputted to the quantizing unit 21 as the 
filtered data Dp via the switch 34 connected to the FFT 
unit 31 side. 

[0071] On the other hand, at the recording end tim- 
ing, it is checked whether or not the instruction indicat- 
ing the end of the infomnation recording is inputted in the 
operation unit 9 and the CPU 32 recognized it by the 
control signal C^ (step 82). If the recording end is not 
instructed (step 82; No), the processing during the infor- 
mation recording is continued. If the recording end is 



instructed in step 82 (step 82; Yes), out of the inputted 
audio data Dai, only the audio data D^i of the time cor- 
responding to the window function including the record- 
ing end timing is replaced with zero data (step SIO). At 

5 this time, the switches 33 and 34 are turned over to the 
replacing unit 28 side based on the control signal C3W, 
and the audio data D^i outputted as the switch data 
Dsw2 (audio data D^i of the time corresponding to the 
window function including the recording end timing) is 

to inputted to the replacing unit 28. Thus, the inputted 
audio data D/^t is replaced with zero data. 
[0072] The switch 33 is turned over to the buffer 
memory 25 side after the audio data Dai of the time cor- 
responding to the window function including the record- 

15 ing end timing is inputted to the replacing unit 28, and 
outputs the inputted audio data D^i to the buffer mem- 
ory 25. Further, the switch 34 is turned over to the FFT 
unit 31 side again after the zero data of the time corre- 
sponding to the window function including the recording 

20 end timing is outputted to the quantizing unit 21 as the 
filter data Dp, and outputs the frequency-domain data 
Dpp continuously Inputted, to the quantizing unit 21. 
Thereafter, the processing of step 86 in the first and the 
second embodiments is performed. If all audio data Dai 

25 is processed (step 86; Yes), the process ends. If audio 
unprocessed data Dai remains (step 86; No), the proc- 
ess goes back to step 81 to perform the processing of 
steps 81 , 85 and 86 onto the inputted audio data Dai. 
[0073] As described above, by using the filtered 

30 data Dp generated by this filtering processing of the 
third embodiment, the reproduction level of the audio 
data Dao reproduction has the similar fade-out char- 
acteristic as that of the window function level (see. The 
bottom of FIG. 6A). In addition, at the time of recording 

35 start or recording interruption/restart, by replacing the 
audio data Dai corresponding to the window function 
including the recording start timing or recording inter- 
ruption/restart timing with zero data and audio data cor- 
responding to other timing is subjected to the window 

40 function multiplying and FFT processing to generate the 
filtered data Dp the reproduction level change of the 
audio data Dao similar to that at the time of recording 
start or recording interruption/restart in the first embod- 
iment may be obtained (see. the bottom of FIG. 6B and 

45 8). As described above, by the operation of the analyz- 
ing filter unit 20" of the third embodiment, the same 
result as that by the analyzing filter unit 20 of the first 
embodiment may be obtained. 

[0074] The respective embodiments show the con- 
50 figuration in which the filtering processing of the present 
invention is applied to the audio data Dai- Other than 
this, the present invention is applicable to the recording 
ending processing, recording start processing and 
recording interruption/restart processing of the video 
55 data Dvi. Further, the above embodiments use the win- 
dow function corresponding to the MDCT system. How- 
ever, the present invention is broadly applicable to the 
case where information is processed by using window 



11 



BNSOCX:iD: <EP 10e7551A2 I > 



21 



EP 1 067 551 A2 



22 



function having fade-in and fade-out characteristic. 
Claims 

1. An infornr»ation recording apparatus (1) for record- 5 
ing digital infornnation inputted from outside onto an 
information storage medium (2), comprising: 

a multiplexing unit (26) for multiplexing the dig- 
ital Information by a plurality of window func- io 
tions to generate a plurality of mumplied digital 
information, each of the plurality of window 
functions having a fade-out time-axis charac- 
teristic and having overlaps with neighboring 
window functions on time axis; is 
a recording unit (4) for recording the plurality of 
multiplied digital infornnation corresponding to 
the respective window functions; 
an ending unit (28, 8) for changing ending mul- 
tiplexed digital information which are the multi- 20 
plied digital information corresponding to the 
window function including a recording end tim- 
ing of the digital information to zero informa- 
tion, and for ending recording the digital 
information after recording the zero information 25 
onto the information storage medium In place 
of the ending multiplexed digital information. 

2. An information recording apparatus (1 ) for record- 
ing digital information Inputted from outside onto an 30 
Information storage medium (2), comprising: 

a multiplexing unit (26) for multiplexing the dig- 
ital information by a plurality of window func- 
tions to generate a plurality of multiplied digital 35 
information, each of the plurality of window 
functions having a fade-in time-axis character- 
istic and having overlaps with neighboring win- 
dow functions on time axis; 

a recording unit (4) for recording the plurality of 40 
multiplied digital information corresponding to 
the respective window functions; 
a starting unit (28, 8) for changing the multi- 
plied digital information corresponding to the 
window function including a recording start tim- 4S 
ing of the digital information to zero informa- 
tion, and for starting recording the digital 
information to be recorded after the recording 
start timing, after recording the zero informa- 
tion onto the information storage medium. so 

3. An information recording apparatus (1) for record- 
ing digital information inputted from outside onto an 
information storage medium (2), comprising: 

55 

a multiplexing unit (26) for multiplying the digital 
information by a plurality of window functions to 
generate a plurality of multiplied digital Informa- 



tion, each of the plurality of window functions 
having a time-axis characteristic Including a 
fade-in portion and a fade-out portion and hav- 
ing overlaps with neighboring window functions 
on time axis; 

a recording unit (4) for recording the plurality of 
multiplied digital Information corresponding to 
the respective window functions; 
an Interruption unit (28, 8) for changing inter- 
ruption multiplexed digital information which 
are the multiplied digital information con^e- 
spending to the window function including a 
recording interruption timing of the digital infor- 
mation to zero information, and for interrupting 
recording the digital information after recording 
the zero Information onto the information stor- 
age medium in place of the interruption multi- 
plexed digital information; and 
a restarting unit (28, 8) for changing the multi- 
plied digital infornnation corresponding to the 
window function including a recording restart 
timing of the digital information to zero infornna- 
tion, and for restarting recording the digital 
information to be recorded after the recording 
restart timing, after recording the zero infornna- 
tion onto the information storage medium. 

4. An information recording apparatus (1) for record- 
ing digital information inputted from outside onto an 
information storage medium (2), comprising: 

a multiplexing unit (26) for multiplexing the dig- 
ital information by a plurality of window func- 
tions to generate a plurality of multiplied digital 
information, each of the plurality of window 
functions having a time-axis characteristic 
including a fade-in portion and a fade-out por- 
tion and having overlaps with neighboring win- 
dow functions on time axis; 
a recording unit (4) for recording the plurality of 
multiplied digital information corresponding to 
the respective window functions; 
an interruption unit (8, 28) for changing the dig- 
ital information including a recording interrup- 
tion timing of the digital Information to zero 
information, and for interrupting recording the 
digital information after recording the zero infor- 
mation onto the information storage medium in 
place of the multiplexed digital information 
including the recording interruption timing; and 
a restarting unit (8, 28) for changing, after a 
recording interruption, the digital information 
including a recording restart timing of the digital 
infomnation to zero information, and for restart- 
ing recording the digital information to be 
recorded after the recording restart timing, 
after recording the zero information onto the 
information storage medium in place of the 
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multiplexed digital information including the 
recording restart timing. 

5. An infomiation recording apparatus (1 ) according to 
any one of claims 1 to 4, wherein each of the win- s 
dow functions has the overlap for a half of a time 
period of the window function on a time-axis. 

6. An infomnation recording apparatus (1 ) according to 
any one of claims 1 to 5, wherein the digital infor- io 
matlon Is audio information. 

7. An infomiation recording apparatus (1 ) according to 
claim 6, wherein the window function is adapted to 
remove distortion in Modified Discrete Cosine is 
Transform coding system. 

8. An information recording method for recording dig- 
ital Information inputted from outside onto an infor- 
mation storage medium (2), comprising the steps 20 
of: 

multiplexing the digital information by a plurality 
of window functions to generate a plurality of 
multiplied digital information, each of the plural- 25 
ity of window functions having a fade-out time- 
axis characteristic and having overlaps with 
neighboring window functions on time axis; 
recording the plurality of multiplied digital infor- 
mation corresponding to the respective window 30 
functions; 

changing ending multiplexed digital infomiation 
which are the multiplied digital Information cor- 
responding to the window function including a 
recording end timing of the digital infonmation 35 
to zero information, and ending recording the 
digital infonmation after recording the zero infor- 
mation onto the Information storage medium In 
place of the ending multiplexed digital informa- 
tion. ^ 

9. An information recording method for recording dig- 
ital information inputted from outside onto an infor- 
mation storage medium (2), comprising the steps 

of: . ^ 

multiplexing the digital information by a plurality 
of window functions to generate a plurality of 
multiplied digital information, each of the plural- 
ity of window functions having a fade-in time- so 
axis characteristic and having overlaps with 
neighboring window functions on time axis; 
recording the plurality of multiplied digital infor- 
mation corresponding to the respective window 
functions; ss 
changing the multiplied digital information cor- 
responding to the window function including a 
recording start timing of the digital infomiation 



to zero information, and starting recording the 
digital information to be recorded after the 
recording start timing, after recording the zero 
infonmation onto the Information storage 
medium. 

10. An information recording method for recording dig- 
ital information inputted from outside onto an infor- 
mation storage medium (2), comprising the steps 
of: 

multiplying the digital information by a plurality 
of window functions to generate a plurality of 
multiplied digital infomnation, each of the plural- 
ity of window functions having a time-axis char- 
acteristic including a fade-in portion and a fade- 
out portion and having overiaps with neighbor- 
ing window functions on time axis; 
recording the plurality of multiplied digital infor- 
mation corresponding to the respective window 
functions; 

changing interruption multiplexed digital infor- 
mation which are the multiplied digital informa- 
tion con^espondlng to the window function 
including a recording interruption timing of the 
digital information to zero information, and 
interrupting recording the digital information 
after recording the zero information onto the 
information storage medium In place of the 
interruption multiplexed digital information; and 
changing the multiplied digital information cor- 
responding to the window function including a 
recording restart timing of the digital informa- 
tion to zero information, and restarting record- 
ing the digital information to be recorded after 
the recording restart timing, after recording the 
zero Information onto the Information storage 
medium. 

11. An information recording method for recording dig- 
ital information inputted from outside onto an infor- 
mation storage medium (2), comprising the steps 
of: 

multiplexing the digital information by a plurality 
of window functions to generate a plurality of 
multiplied digital infomnation, each of the plural- 
ity of window functions having a time-axis char- 
acteristic including a fade-in portion and a fade- 
out portion and having overiaps with neighbor- 
ing window functions on time axis; 
recording the plurality of multiplied digital infor- 
mation corresponding to the respective window 
functions; 

changing the digital information including a 
recording interruption timing of the digital infor- 
mation to zero Information, and interrupting 
recording the digital information after recording 
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the zero information onto the information stor- 
age medium in place of the multiplexed digital 
information including the recording interruption 
timing; and 

changing, after a recording interruption, the s 
digital information including a recording restart 
timing of the digital information to zero infonna- 
tion, and restarting recording the digital Infor- 
mation to be recorded after the recording 
restart timing, after recording the zero informa- io 
tion onto the infomiation storage medium in 
place of the multiplexed digital information 
including the recording restart timing. 

12. An information recording method according to any j5 
one of claims 8 to 11, wherein each of the window 
functions has the overlap for a half of a time period 

of the window function on a time-axis. 

13. An information recording method according to any 20 
one of claims 8 to 12, wherein the digital infomia- 
tion is audio information. 

14. An information recording method according to claim 

1 3 to 1 3, wherein the window function is adapted to 2s 
remove distortion in Modified Discrete Cosine 
Transform coding system. 
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